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Description 

[0001] The present invention relates to an electric 
driving unit and an electric vehicle, in particular an elec- 
tric two-wheeled vehicle having a casing in which an 
electric motor and a control are installed. 
[0002] Conventionally, there has been known an elec- 
tric driving unit that drives a wheel with an electric motor, 
as disclosed, for example, in JP-A-H1 1-34965. The 
electric driving unit shown in this publication is used as 
a driving source for a electric two-wheeled vehicle and 
provided with a swing arm for supporting a rear wheel. 
[0003] The swing arm for supporting the rear wheel 
has an electric motor, a speed reducer and an axle that 
are provided at its oscillating end and also has a control 
for controlling the electric motor that is mounted to the 
arm section of the swing arm. The electric motor and the 
speed reducer are installed such that their axes are par- 
allel to the transverse direction of the vehicle body, the 
speed reducer is arranged in front of the axle in the lon- 
gitudinal direction of the vehicle body, and the electric 
motor is located above the speed reducer. 
[0004] The control is housed in a storage compart- 
ment isolated from the electric motor and is electrically 
connected to the electric motor in a way of wiring. 
[0005] In the conventional electric driving unit consti- 
tuted as described, one storage space for housing an 
electric motor and another storage space for housing a 
control are formed separately. It is therefore a problem 
that, in order to form the separate storage spaces, larger 
volume of partition wall is required, causing the unit to 
be larger as a whole and increase of production cost. 
Furthermore, the arrangement in which the speed re- 
ducer and the electric motor are placed one upon the 
other (i.e. high and low) and the speed reducer and the 
axle are placed one after the other (i.e. fore and aft) is 
also a cause to make the unit larger. 
[0006] Additionally, long conductive wires for con- 
necting between the control and the electric motor are 
required, because the former is remote forwardly from 
the latter. This causes the increase of the cost, in other 
words, the expense for wiring increases due to a work 
necessary to connect both ends of wires to the control 
and the electric motor. 

[0007] Furthermore, since the conductive wires be- 
tween the motor storage space and the control storage 
space are exposed externally, those exposed wires may 
be damaged from pebbles thrown up by the rear wheel 
during running. Also, one wire has at least two electrical 
connections. Accordingly, with the increase of the 
number of electrical connections, the possibility of dam- 
ages on the electrical connections may be increased 
and the reliability thereof will be reduced. 
[0008] The invention is made to overcome the prob- 
lems described above and it is, therefore, an objective 
of the present invention to provide a compact electric 
driving unit whose production cost is reduced. 
[0009] This objective is solved in an inventive manner 



by an electric driving unit comprising a casing with a mo- 
tor storage space, an electric motor and a speed reduc- 
er, wherein the electric motor and the speed reducer are 
supported by and arranged coaxialiy to each other in the 
5 casing, and wherein a controlling means for controlling 
the electric motor is provided being disposed close to 
the electric motor within the motor storage space formed 
in the casing. 

[0010] Thus, there is provided an electric driving unit 
comprising a casing in and by which an electric motor 
and a speed reducer coaxialiy arranged each other are 
supported, wherein a control for controlling the electric 
motor is disposed close to the electric motor, within a 
motor storage space formed in the casing. 
[0011] Therein, the electric motor and the control are 
contained in one storage space and, therefore, the vol- 
ume of the partition walls can be reduced. Furthermore, 
since the electric motor and the speed reducer are co- 
axialiy arranged, both can be located at a position. The 
wires for connecting the control and the electric motor 
can be shorter in their length because the control is dis- 
posed close to the electric motor. Additionally, those 
wires can be contained within the motor storage space. 
The number of the electrical connections can be re- 
duced by using electrode plates instead of wires forcon- 
necting the control and the electric motor such that the 
electrodes plate protruding from the control is electrical- 
ly secured at their distal ends to the electric motor. 
[0012] According to a preferred embodiment, the 
electric motor comprises a stator having a plural number 
of coils, wherein the controlling means is disposed be- 
tween different coils of the stator of the electric motor. 
[0013] As the electric driving unit is one : wherein the 
control is disposed between coils in a stator of the elec- 
tric motor, the element can be contained in one of the 
dead spaces formed between coils. Accordingly, the wir- 
ing length between the control and the electric motor can 
be shorter. 

[0014] Beneficially,, the coils are arranged in a shape 
of a ring segment in a circumferential direction of the 
stator, wherein adjacent coils are equally spaced to 
each other and a space is provided between a first and 
a last of said coils in the circumferential direction of the 
stator for housing the controlling means. 
[0015] In other words, by removing at least one of the 
coils that are normally equally spaced in the circumfer- 
ential direction, a space is formed between the coils for 
housing the control. 

[001 6] Accordingly, a control having a size equal to or 
larger size (compared to the prior art) can be contained 
within the electric motor without increase of the diameter 
thereof. 

[0017] According to a further preferred embodiment, 
there is provided a hall element for detecting a position 
of a rotor of the electric motor being mounted on a sur- 
face of a substrate of the controlling means. 
[001 8] Thus, as the hall element for detecting the po- 
sition of the rotor is mounted on the surface of a sub- 
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strate in the control, any dedicated (separate) substrate 

on which a hall element is mounted (as has been done 

In the prior art) is not required. 

[0019] Preferably, the rotor comprises a plural 

number of main magnets, wherein the hall element is 

adapted to detect the main magnets. 

[0020] As the hall element detects main magnets, any 

(separate) sensor magnet detected by a dedicated hall 

element is not required. 

[0021] According to another preferred embodiment, 
there is provided a heat radiating plate of a switching 
element in the controlling means which is in contact with 
the casing. 

[0022] As the heat radiating plate of the switching el- 
ement in the control is in contact with the motor storage 
casing, the heat generated in the switching element is 
conducted via the heat radiating plate to the motor stor- 
age casing. 

[0023] Beneficially, the contact portion of the heat ra- 
diating plate of the switching element and a mating con- 
tact portion of the casing are formed such that one of 
the two contact portions has a concave shape and the 
other has a convex shape so as to fit each other. 
[0024] As the contact portion of the heat radiating 
plate of the switching element and the mating contact 
portion of the motor storage casing are formed such that 
one of the two contact portions has a concave and the 
other has a convex so as to fit each other, the surface 
area of the contact between the heat radiating plate and 
the casing can be increased. Since the heat radiating 
plate is movable in the fitting direction relative to the cas- 
ing, neither vibration of the casing is transmitted to the 
switching element nor thermal stress is created. 
[0025] It is another objective of the present invention 
to provide an electric vehicle comprising the electric 
driving unit as discussed above and fabricated in low 
costs. 

[0026] This objective is solved by an electric vehicle 
comprising a drive wheel, wherein the drive wheel is 
driven by an electric driving unit according to at least 
one of the preceding claims 1 to 7. 
[0027] According to a preferred embodiment, there is 
provided an electric vehicle wherein an axis of the elec- 
tric motor and an axis of the speed reducer are parallel 
to a transverse direction of the vehicle body and the out- 
put shaft of the speed reducer is common to an axle of 
the rear wheel. 

[0028] Thus, in this embodiment, the electric vehicle 
comprises a drive wheel driven by an electric driving unit 
of any one of claims 1 through 7, wherein the common 
axis of the electric motor and the speed reducer is par- 
allel to the transverse direction of the vehicle body; and 
the output shaft of the speed reducer is common to the 
axle of the drive wheel. 

[0029] Thus, the electric vehicle according to this em- 
bodiment is run by driving directly the drive wheel with 
the electric driving unit located on one side of the drive 
wheel. 



[0030] Preferably, a central portion of a motor mount- 
ing section in the transverse direction of the vehicle body 
is located in a relation of superposition with respect to 
the drive wheel, as seen from the rear side. 
5 [0031] As the central portion of a motor mounting sec- 
tion in the transverse direction of the vehicle body is lo- 
cated in a relation of superposition with respect to the 
drive wheel, as seen from the rear side, the motor 
mounting section of the electric driving unit can be con- 
tained in a dead space formed inside of the drive wheel. 
Also, the central portion of the motor mounting section 
in the transverse direction is hidden by the drive wheel, 
as seen from the rear side. 

[0032] According to a preferred embodiment, the 
electric vehicle comprises two wheels, wherein the rear 
wheel constitutes the drive wheel driven by the electric 
driving unit. 

[0033] Beneficially, there is provided a swing arm for 
supporting the rear wheel being adapted to carry the 
electric driving unit and being pivotally mounted to a ve- 
hicle body frame. 

[0034] Further beneficially, there is provided a com- 
mon axis of the electric motor and the speed reducer 
being arranged parallel to a transverse direction of the 
vehicle body of the electric vehicle. 
[0035] In particular, it is preferable if there is provided 
an electric two-wheeled vehicle having a rear wheel 
driven by an electric driving unit of any one of Claims 1 
through 7, wherein a swing arm for supporting the rear 
wheel carries the electric driving unit and is pivotally up 
and down mounted to a vehicle body frame; the axis of 
the electric motor and the axis of the speed reducer are 
parallel to the transverse direction of the vehicle body; 
and the output shaft of the speed reducer is common to 
the axle of the rear wheel. 

[0036] Thus, this electric two-wheeled vehicle is run 
by directly driving the drive wheel with the electric driving 
unit constituting the swing arm for supporting the rear 
wheel. 

[0037] Therein, it is preferable if the central portion of 
a motor mounting section in the transverse direction of 
the vehicle is located in a relation of superposition with 
respect to the rear wheel, as seen from the rear side. 
[0038] Therefore, the motor mounting section of the 
electric driving unit can be contained in a dead space 
formed inside of the rear wheel. Also, the central portion 
of the motor mounting section in the transverse direction 
is hidden by the drive wheel, as seen from the rear side. 
[0039] Within the above embodiment, it is further ben- 
eficial if the controlling means for the electric driving unit 
is disposed at a front end of the motor mounting section 
in a longitudinal direction of the vehicle body, along an 
arm section of the swing arm. 

[0040] In particular, if the electric two-wheeled vehicle 
control for the electric driving unit is disposed at the front 
end of the motor mounting section in the longitudinal di- 
rection of the vehicle body, along the arm section of the 
swing arm, the control and the electric motor can be lo- 
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cated at approximately the same position in the trans- 
verse direction. As the control is located between the 
electric motor and the vehicle body frame, the wires for 
connecting the control to a battery and other electronic 
components mounted in the vehicle body frame can be 
routed along the swing arm supporting the rear wheel. 
[0041] In the following, the present invention is ex- 
plained in greater detail with respect to several embod- 
iments thereof in conjunction with the accompanying 
drawings, wherein: 

Fig. 1 is a side view of an electric two-wheeled vehi- 
cle; 

Fig. 2 is a plan view of a swing arm for supporting a 
rear wheel; 

Fig. 3 is a side view of a swing arm for supporting a 
rear wheel, as seen from the right side of the 
vehicle body; 

Fig. 4 is also a side view of a swing arm for support- 
ing a rear wheel, as seen from the right side of 
the vehicle body; 

Fig. 5 is a rear view of the swing arm for supporting 
the rear wheel; 

Fig. 6 is a horizontally sectional view of the essential . 
sections; and 

Fig. 7 is a sectional view of a cooling structure of a 
switching element. 

[0042] Now, referring to Figs. 1 through 7 : one em- 
bodiment of an electric two-wheeled vehicle using an 
electric driving unit as will be discussed in detail below. 
[0043] Fig. 1 is a side view of an electric two-wheeled 
vehicle, Fig. 2 is a plan view of a swing arm for support- 
ing a rear wheel, Figs. 3 and 4 are side views, respec- 
tively, showing a swing arm for supporting a rear wheel, 
as seen from the right side of the vehicle body. Fig. 3 
depicts an arm body with an electric motor exposed by 
removal of a gearbox from the arm body and Fig. 4 de- 
picts also the arm body to wh ich the gearbox and a brake 
shoe are mounted. Fig. 5 is a rear view of the swing arm 
forsupportingthe rearwheel, Fig. 6 is a horizontally sec- 
tional view of the essential sections, and Fig. 7 is a sec- 
tional view of a cooling structure of a switching element. 
[0044] In the drawings, the reference numeral 1 de- 
notes an electric two-wheeled vehicle according to the 
embodiment. The electric two-wheeled vehicle is con- 
stituted using a foldable vehicle body frame 2. The ve- 
hicle body frame 2 comprises a front frame 4 having a 
head pipe 3 and a rear frame 6 connected to the front 
frame 4 through a pivot shaft 5. The head pipe 3 sup- 
ports steering handle 9 and a front fork 8 supporting a 
front wheel 7. 



[0045] To the upper side of the rear frame 6 is mount- 
ed a seat 1 0, while to the bottom end is mounted a swing 
arm 1 2 for supporting the rear wheel 1 1 . A battery 1 3 is 
installed between the seat 1 0 and the swing arm 12. The 

s seat 1 0 is supported pivotally up and down to the rear 
frame 6 to open and close an opening (access opening 
to the battery) at the top end of the battery storage space 
located below the seat 10. Accordingly, the battery 13 
is detachable to the rear frame 6 while the seat 10 is 

10 positioned high. 

[0046] The swing arm 1 2 for supporting the rear arm 
12, as shown in Fig. 2, is composed of an arm body 21 
extending in the longitudinal direction on the left side of 
the rear wheel 11 , a front arm 22 attached to the right 

15 side of the front end of the arm body 21 in the longitudi- 
nal direction of the vehicle body, a gearbox 23 mounted 
to the rear end of the arm body 21 , and a rear wheel 
driving device 24 disposed inside of the gearbox 23 at 
the rear end of the arm body 21 . The front ends of the 

20 arm body 21 and the front arm 22 are pivotally mounted 
around the pivot shaft 25 (Refer to Fig. 1.) of the rear 
frame 6 upward and downward. 
[0047] At the rear end of an arm section 21 a extend- 
ing in the longitudinal direction of the vehicle body, the 

25 arm body 21 , as shown in Fig. 1 , is formed in one piece 
with a rear wheel support section 21 b having the shape 
of a circle, as seen from the rear side of the vehicle body. 
On the undersurface of the arm section 21 a is provided 
a cushioning bracket 21c that protrudes downwardly. A 

30 rear cushioning unit 26 is interposed between the cush- 
ioning bracket 21 c and a bottom bracket 6a of the rear 
frame 6. 

[0048] The rear wheel support section 21b. as shown 
in Fig. 6, is formed to be cylindrical and has a bottom 

35 wall and a top opening on its right side (that is, upper 
side in Fig. 6) in the longitudinal direction of the vehicle 
body. The gearbox 23 is secured to the opening by fas- 
tening bolts 27 (Refer to Fig. 4). 
[0049] The swing arm 12 forsupportingthe rearwheel 

40 constitute the electric driving unit according to the inven- 
tion, the rearwheel support section 21b and the gearbox 
23 constitute a casing for the electric driving unit accord- 
ing to the invention. The space enclosed by the rear 
wheel support 21 b an the gearbox 23 constitutes a mo- 

45 tor storage space S (Refer to Fig. 6.). Within the motor 
storage space S, a rear wheel drive device 24, which is 
described hereinafter, is contained. 
[0050] The rear wheel drive device 24, as shown in 
Fig. 6, is comprised of an electric motor 31 , a planetary 

50 gear speed reducer 32 arranged in coaxial with the elec- 
tric motor 31 , and a control 33 for controlling the electric 
motor 31 . 

[0051] In this embodiment, the electric motor 31 is 
used as an axial-gap type electric motor in which its axial 
55 direction is parallel to the transverse direction of the ve- 
hicle body. Particularly, the electric motor 31 is arranged 
such that a stator 35 having a plurality of coils 34 is lo- 
cated in the motor storage space S at the left end portion 
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thereof in the longitudinal direction of the vehicle body 
and secured to an arm body 21 , and a disk-like rotor 37 
facing the coils 34 and having main magnets 36 is po- 
sitioned on the right side of the stator 35 in the longitu- 
dinal direction of the vehicle body. Thus, the use of the 
axial-gap type electric motor 31 allows the coils 34 to be 
place in a common plane and further the rear wheel 
drive device 24 to be compact in its axial direction. The 
electric motor 31 may be a generally used radial type 
one, without limitation to the axial-gap type electric mo- 
tor. 

[0052] The rotary shaft 38 of the rotor 37 is rotatively 
supported at its left end by the arm body 21 through a 
bearing 39 and at its right end by the output shaft 40 of 
the planetary gear speed reducer 32 through a bearing 
41 , as seen in the forward direction of the vehicle. 
[0053] As shown in Fig. 3, the coils 34 are arranged 
in the rotational direction of the electric motor 31 . Par- 
ticularly, they are placed along the inside surface of the 
rear wheel support 21 b of the arm body 21 with an ar- 
rangement in a C-shape that is opened forward, as in 
the side view in Fig. 3. The opening of the "C" is formed 
by removing neighboring two coils of a plurality of coils 
34 equally placed totally along the inside surface of the 
rear wheel support 21b. To the opening, a rear half of 
the control 33, which will be described hereinafter, is 
faced. 

[0054] The main magnets 36 are secured to the outer 
section 37a of the rotor 37, as shown in Fig. 6. The inner 
section 37b of the rotor 37 to which a rotary shaft 38 is 
fixed is formed to locate on the left side of the outer sec- 
tion 37a. To the inside of a cylindrical wall 37c formed 
to connect the outer and the inner sections 37a and 37b, 
the left end of the planetary gear speed reducer 32 is 
faced. 

[0055] The planetary gear reducer 32 is comprised of 
a sun gear 42 fixed to the rotary shaft 38 of the electric 
motor 31; three planetary gears 43 engaging the sun 
gear 42; a cylindrical internal gear 44 that is formed so 
as to surround and engage the planetary gears 43; a 
carrier 46 supporting to rotate each of the planetary 
gears through respective pins 45. The internal gear 44 
is fixed to the gearbox 23. The carrier 46 is formed with 
an output shaft 40 in a piece at its right end, on the right 
side of the planetary gear support section 46a having 
pins 45 and is rotatively supported by the gearbox 23 
through a bearing 47. To the output shaft 40 is connect- 
ed a rear wheel 11 to which the power from the electric 
motor 31 is transmitted though speed reduction by the 
planetary gear speed reducer 32. In other words, the 
output shaft 40 of the planetary gear speed reducer 32 
constitutes the axle of the rear wheel 11 . 
[0056] The rear wheel 11 , as shown in Figs. 2 and 5, 
is comprised of a disk wheel 52 around the outer periph- 
eral of which a tire 51 is mounted and a brake drum 54 
coaxially mounted on the disk wheel 52 with fastening 
bolts 53. A boss 54a formed coaxially on the brake drum 
54 is fitted to the output shaft 40 with spline coupling 



and are fastened together with a lock nut 55. The drum 
brake having the brake drum 54 has been already 
known, in which a pair of brake shoes 59, 59 are at- 
tached to a support pin 56 and a cam 57 through ten- 
5 sioning springs 58, as shown in Fig. 4. 

[0057] The disk wheel 52 is formed such that the inner 
section thereof to which the brake drum 54 is attached 
is placed on the right side of the outer section having a 
rim 52a, as seen in the forward direction of the vehicle 
10 and contains a motor mounting section between the in- 
ner and the outer sections. In this embodiment, as 
shown in Fig. 5, the inner section of the disk wheel 52 
is placed on the right side, as seen in the forward direc- 
tion of the vehicle, such that the central portion, along 
is the transverse direction, of the motor mounting section 
(the rear wheel support 21 b and the gearbox 23) of the 
swing arm 12 for supporting the rear wheel is super- 
posed with the rear wheel 1 1 , as seen from the rear side 
of the vehicle. In Fig. 5, the centerline of the electric two- 
wheeled vehicle 1 in the transverse direction is repre- 
sented by a dashed line C. 

[0058] The control 33, as shown in Figs. 3, 4 and 6, 
is disposed at the boundary portion between the rear 
wheel support 21b and the arm section 21a of the arm 
body 21 and along the arm section 21a and is, as de- 
scribed previously, contained together with the electric 
motor 31 in the motor storage space S so as to face 
between two coils 34 of the motor 31 . 
[0059] As shown in Fig. 6, on the surface of the first 
substrate 61 of the element 33, a hall element 62 for 
detecting the position of the rotor, and on the surface of 
the second substrate 63, a switching element 64 is 
mounted. In the hall element 62, as shown in Fig. 3, a 
detecting section is exposed on the right side surface 
33a of the control 33 facing the rotor 37, as seen in the 
forward direction of the vehicle body, to detect the main 
magnets 36 of the rotor 37. 

[0060] The switching element 64 is composed of a 
power transistor and, as shown in Figs. 6 and 7, mount- 
ed on a heat sink 65 through which it is connected to the 
arm body 21 . The heat sink 65 is secured onto the sec- 
ond substrate 63 by a fastening screw 63a. In the em- 
bodiment, a plate-like projection 66 is provided on the 
arm body 21 . The heat sink 65 has a rectangular cross 
section having an opening recess for receiving to fit with 
the projection 66. The fitting sections of both members 
can slide to move each other in the fitting directions (in 
Figs. 6 and 7, the up and down direction and the direc- 
tion normal to the drawing sheets). This structure for fit- 
ting allows the heat generated in the switching element 
64 to be transmitted to the arm body 21 through both 
the contacting surfaces of the heat sink 65 having a con- 
vex 65a (refer to Fig. 7) and the projection 66. The pro- 
jection 66 constitutes the concave according to the 
present embodiment and also constitutes a heat radiat- 
ing plate 65. 

[0061] In wiring for connecting the control 33 and the 
electric motor 31 , as shown in Fig. 3, are used electrode 
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plates 71 because the element 33 is close to the coils 
34, while in wiring for connecting the element 33 to a 
battery 13 and an operator for the accelerator (not 
shown), as shown in Figs. 3 and 4, are used insulated 
wires 72, 73. The electrode 71 is soldered at its end to 
the second substrate 63 and the other end (rear end) of 
the electrode 71 that Is projected rearward from the el- 
ement 33 is connected to the brush (not shown) of the 
electric motor 31 . The insulated wires 72, 73 are routed 
along the inner side surface to the front section of the 
arm section 21a, as seen in the forward direction of the 
vehicle. 

[0062] In the electric driving unit of the electric two- 
wheeled vehicle 1 , the electric motor 31 and the plane- 
tary gear speed reducer 32 are coaxially arranged each 
other and they are supported by a casing (the rear wheel 
support 21 b and the gearbox 23). Also, since the control 

33 for controlling the electric motor 31 is disposed close 
to the electric motor 31 , within a motor storage space S 
formed in the casing, both the control 33 and the electric 
motor 31 are stored in a space and the volume of the 
wall for forming a storage space can be reduced. 
[0063] Furthermore, since the electric motor 31 and 
the planetary gear speed reducer 32 are coaxially ar- 
ranged, both can be located together at a position. As 
a result, the use of the electric driving unit as a driving 
power source allows to constitute the electric two- 
wheeled vehicle 1 having a compact driving system. 
Specifically, since this electric two-wheeled vehicle 1 is 
constituted such that the central portion of a motor 
mounting section in the transverse direction of the vehi- 
cle is located in a relation of superposition with respect 
to the drive wheel, as seen from the rear side, the elec- 
tric motor mounting section of the electric driving unit 
can be stored in a dead space formed inside of the rear 
wheel11, and, as a result, the width in the transverse 
direction becomes narrower. Furthermore, the external 
appearance can be improved because the central por- 
tion of the motor mounting section can be hidden by the 
rear wheel 11 in the transverse direction, as seen from 
the rear side. 

[0064] Further, in the electric driving unit according to 
this embodiment, the control 33 is close to the electric 
motor 31 and, therefore, the length of the wires for con- 
necting the control 33 and the electric motor 31 can be 
made shorter. Additionally, the wires for connecting the 
control 33 and the electric motor can be stored in the 
motor storage space S. In this embodiment, since the 
electrode plate 71 protruding from the control 33 is con- 
nected to the electric motor 31 , the number of electrical 
connections can be minimized and the reliability of the 
electrical connections is also improved, compared to the 
case that additional wires for extension is required in 
mid-course. 

[0065] In the electric driving unit according to the em- 
bodiment, since the control 33 is disposed between coils 

34 in a stator 35 of the electric motor 31 , the element 33 
can be located in the dead space formed between the 



coils 34 and, as a result, the wiring length between the 
control 33 and the electric motor 31 can be made short- 
er. 

[0066] As the space between coils 34 for housing the 
5 control is defined by removing three of the coils 34 that 
are equally spaced in the circumferential direction, the 
element 33 having a size equal to or larger than the coil 
34 can be stored in the electric motor 31 without the in- 
crease of the diameter of the electric motor 31 . 
10 [0067] Since the hall element 62 for detecting the po- 
sition of the rotor is mounted on the surface of the first 
substrate 61 in the control 33, any dedicated substrate 
on which a hall element 62 is mounted is not required. 
As a result, the numbers of parts and man-hour for as- 
sembly work can be reduced. 

[0068] Since the hall element 62 is constituted so as 
to detect the main magnets 36, any sensor magnet de- 
tected by a dedicated hall element 62 is not required. 
As a result, the numbers of parts and man-hour for as- 
sembly work can be reduced. 

[0069] In the control 33, the heat sink 65 of the switch- 
ing element 64 is in contact with the arm body 21 (motor 
storage casing). Therefore, the heat generated in the 
switching element 64 conducts to the arm body 21 
through the heat sink 65, which allows the switching el- 
ement 64 to be cooled efficiently. 
[0070] At the contact portion between the heat sink 
65 of the switching element 64 and the arm body 21 , the 
plate-like projection 66 provided on the arm body 21 is 
fitted in the rectangular cross sectional opening recess 
of the heat sink 65, resulting in the increase of the con- 
tact area between the heat sink 65 and the arm body 21 
to improve the efficiency of heat radiation. Since the 
heat sink 65 can move slightly relative to the projection 
66,. vibration generated in the arm body 21 cannot be 
transmitted to the switching element 64 via the heat sink 
65 and the connection of the switching element 64 to 
the second substrate 63 is protected from the applica- 
tion of any external force. Additionally, there occurs no 
thermal stress, although the heat sink 65 is connected 
to the arm body 21 . 

[0071] Additionally, since the control 33 is disposed 
along the arm section 21a at the front end of the rear 
wheel support section 21b of the arm body 21 , the con- 
trol 33 and the electric motor 31 can be located approx- 
imately at the same position in the transverse direction, 
resulting in a more compact electric two-wheeled vehi- 
cle in the transverse direction. The wires (insulated 
wires 72, 73) for connecting the batteries 13 and other 
electronic components to the control 33 can be routed 
along the swing arm 1 2 for supporting the rear wheel 1 1 
because the element 33 is located between the electric 
motor 31 and the vehicle body frame 2. 
[0072] In the embodiments as has been described, an 
example use of the electric driving unit according to the 
teaching of the invention as a driving power source for 
an electric two-wheeled vehicle 1 is disclosed. However, 
the electric driving unit according to the teaching of the 
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invention may be applied to other electric vehicle, such 
as electric four- or three-wheeled vehicles. In such ve- 
hicles, the axes of the speed reducer32 and the electric 
motors 31 should be arranged in parallel to the trans- 
verse direction of the vehicle and also the output shaft 
40 of the speed reducer 32 should be common to the 
axle of the drive wheel. When such electric vehicles are 
constituted, the central portion of the motor mounting 
section in the transverse direction of the vehicle body 
can be structured to superpose the rear wheel, as seen 
from the rear side. 

[0073] The description above refers to an electric driv- 
ing unit comprising a casing in and by which an electric 
motor and a speed reducer coaxially arranged each oth- 
er are supported, wherein a control for controlling the 
electric motor is disposed close to the electric motor, 
within a motor storage space formed in the casing. 
[0074] Accordingly, as previously described, the vol- 
ume of the wall that forms a space for storing the electric 
motor and the control can be reduced and also the elec- 
tric motor and the speed reducer are coaxially arranged, 
and a compact electric driving unit can be provided. 
[0075] Further, since the length of the wires for con- 
necting the control and the electric motor can be made 
shorter in addition to the less volume of the walk the 
production cost is reduced. Additionally, since the wires 
for connecting the control and the electric motor can be 
stored in the motor storage space, those wires are not 
damaged by the application of external force. Since, in- 
stead of wires the electrode plate protruding from the 
control is used for the connection to the electric motor, 
the number of electrical connections can be minimized. 
As a result, an electric driving unit having high reliability 
of the electrical connections is realized. 
[0076] The control may be disposed between coils in 
a stator of the electric motor. 

[0077] Accordingly, in a dead space formed between 
coils, the element can be contained. Consequently, a 
more compact electric driving unit can be fabricated, al- 
though the control together with the electric motor can 
be contained in one space. The wiring length between 
the control and the electric motor can be made shorter. 
Accordingly, additional cost reduction is achieved. Di- 
rect connection of the control to the coil enables to im- 
prove the reliability of the electrical connections. 
[0078] A space formed between coils for housing the 
control may be defined by removing at least one of the 
coils that are equally spaced in the circumferential di- 
rection. 

[0079] Accordingly, the control having a size equal to 
or larger than the coil can be contained within the electric 
motor without increase of the diameter thereof. Conse- 
quently, a control having a larger size can be contained 
in the electric motor while reducing the size of the elec- 
tric driving unit. 

[0080] A hall element for detecting the position of the 
rotor may be mounted on the surface of a substrate in 
the control. 



[0081] Accordingly, any dedicated substrate on which 
a hall element is mounted is not required. Consequently, 
the numbers of parts and man-hour for assembly work 
can be reduced, resulting in further cost reduction. 
5 [0082] The hall element may detect main magnets. 
[0083] Accordingly, any dedicated substrate on which 
a hall element is mounted is not required. Consequently, 
the numbers of parts and man-hour for assembly work 
can be reduced, resulting in further cost reduction. 
10 [0084] A heat radiating plate of a switching element 
in the control may be in contact with the motor storage 
casing. 

[0085] Accordingly, the heat generated in the switch- 
ing element is conducted via the heat radiating plate to 
the motor storage casing. Consequently, the switching 
element is cooled efficiently. 

[0086] The contact portion of the heat radiating plate 
of the switching element and the mating contact portion 
of the motor storage casing may be formed such that 
one of the two contact portions has a concave and the 
other has a convex so as to fit each other. 
[0087] Accordingly, the surface area of the contact be- 
tween the heat radiating plate and the casing can be 
increased. Consequently, the heat conductive resist- 
ance therebetween is reduced to cool the switching el- 
ement more efficiently. Since the heat radiating plate is 
movable in the fitting direction relative to the casing, the 
reliability is improved without transmission of vibration 
of the casing to the switching element and creation of 
thermal stress. 

[0088] The description above further refers to an elec- 
tric vehicle having a drive wheel driven by an electric 
driving unit as described above, wherein the common 
axis of the electric motor and the speed reducer is par- 
allel to the transverse direction of the vehicle body; the 
output shaft of the speed reducer is common to the axle 
of the drive wheel. 

[0089] Therefore, a compact electric vehicle that can 
be fabricated at low manufacturing cost is provided. 
[0090] The central portion of a motor mounting sec- 
tion in the transverse direction of the vehicle body may 
be located in a relation of superposition with respect to 
the drive wheel, as seen from the rear side. 
[0091 ] Accordingly, the motor mounting section of the 
electric driving unit can be contained in a dead space 
formed inside of the drive wheel. Consequently, the 
electric vehicle can be made smaller with the electric 
driving unit being connected to the rear wheel. 
[0092] Also, the central portion of the motor mounting 
section in the transverse direction is hidden by the drive 
wheel, as seen from the rear side. The external appear- 
ance is also improved. 

[0093] The description above particularly refers to an 
electric two-wheeled vehicle having a rear wheel driven 
by an electric driving unit as described above, wherein 
a swing arm for supporting the rear wheel carries the 
electric driving unit and is pivotally up and down mount- 
ed to a vehicle body frame; the axis of the electric motor 
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wherein the controlling means (31) is disposed be- 
tween different coils (34) of the stator (35) of the 
electric motor (31). 

5 3. Electric driving unit according to claim 2, charac- 
terized in that the coils (34) are arranged in a 
shape of a ring segment in a circumferential direc- 
tion of the stator (35), wherein adjacent coils (34) 
are equally spaced to each other and a space is pro- 

10 vided between a first and a last of said coils (34) in 
the circumferential direction of the stator (35) for 
housing the controlling means (33). 

4. Electric driving unit according to at least one of the 
15 preceding claims 1 to 3, characterized by a hall 
element (62) for detecting a position of a rotor (37) 
of the electric motor (31 ) being mounted on a sur- 
face of a substrate of the controlling means (33). 

20 5. Electric driving unit according to claim 4, charac- 
terized in that the rotor (37) comprises a plural 
number of main magnets (36), wherein the hall el- 
ement (62) is adapted to detect the main magnets 
(36). 

25 

6. Electric driving unit according to at least one of the 
preceding claims 1 to 5, characterized by a heat 
radiating plate (65) of a switching element (64) in 
the controlling means (33) which is in contact with 

30 the casing. 

7. Electric driving unit according to claim 6, charac- 
terized in that the contact portion of the heat radi- 
ating plate (65) of the switching element (64) and a 

35 mating contact portion of the casing are formed 
such that one of the two contact portions has a con- 
cave shape and the other has a convex shape so 
as to fit each other. 



and the axis of the speed reducer are parallel to the 
transverse direction of the vehicle body; and the output 
shaft of the speed reducer is common to the axle of the 
rear wheel. 

[0094] Therefore, a compact electric two-wheeled ve- 
hicle that can be fabricated at low manufacturing cost is 
provided. 

[0095] The central portion of a motor mounting sec- 
tion in the transverse direction of the vehicle may be lo- 
cated in a relation of superposition with respect to the 
rear wheel, as seen from the rear side. 
[0096] Accordingly, the motor mounting section of the 
electric driving unit can be contained in a dead space 
formed inside of the rear wheel. Also, the central portion 
of the motor mounting section in the transverse direction 
is hidden by the drive wheel, as seen from the rear side. 
Consequently, external appearance can be also im- 
proved. 

[0097] The control for the electric driving unit may be 
disposed at the front end of the motor mounting section 
in the longitudinal direction of the vehicle body, along 
the arm section of the swing arm. 
[0098] Accordingly, the control and the electric motor 
can be located at approximately the same position in the 
transverse direction. Consequently, an electric two- 
wheeled vehicle having narrower width in the transverse 
direction of the vehicle body can be provided. As the 
control is located between the electric motor and the ve- 
hicle body frame, and the wires for connecting the con- 
trol to a battery and other electronic components mount- 
ed in the vehicle body frame can be routed along the 
swing arm for supporting the rear wheel, wiring work is 
facilitated. 

[0099] Briefly summarizing the above, there is provid- 
ed an electric driving unit that is fabricated at low cost 
and has a small size, wherein an electric motor 31 and 
a speed reducer 32 are disposed coaxially and support- 
ed in and by a casing, and a control 33 for controlling 
the electric motor 31 is contained in the motor storage 
space S formed within the casing with the electric motor 
being close to the control 33. 



Claims 

1 . Electric driving unit comprising a casing with a mo- 
tor storage space (S), an electric motor (31) and a 
speed reducer (32), wherein the electric motor (31 ) 
and the speed reducer (32) are supported by and 
arranged coaxially to each other in the casing, and 
wherein a controlling means (33) for controlling the 
electric motor (31 ) is provided being disposed close 
to the electric motor (31) within the motor storage 
space (S) formed in the casing. 

2. Electric driving unit according to claim 1 , charac- 
terized in that the electric motor (31) comprises a 
stator (35) having a plural number of coils (34), 



^0 8. Electric vehicle comprising a drive wheel, wherein 
the drive wheel is driven by an electric driving unit 
according to at least one of the preceding claims 1 
to 7. 

45 9. Electric vehicle according to claim 8, characterized 
in that an axis of the electric motor (31 ) and an axis 
of the speed reducer (32) are parallel to a trans- 
verse direction of the vehicle body and the output 
shaft of the speed reducer (32) is common to an 
50 axle of the rear wheel. 

10. Electric vehicle according to claim 8 or 9, charac- 
terized by a common axis of the electric motor (31 ) 
and the speed reducer (32) being arranged parallel , 

55 to a transverse direction of the vehicle body of the 
electric vehicle. 

11 . Electric vehicle according to at least one of the pre- 
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ceding claims 8 to 1 0 : characterized in that a cen- 
tral portion of a motor mounting section in the trans- 
verse direction of the vehicle body is located in a 
relation of superposition with respect to the drive 
wheel, as seen from the rear side. 5 

1 2. Electric vehicle according to at least one of the pre- 
ceding claims 8 to 11, characterized in that the 
electric vehicle comprises two wheels, wherein the 
rear wheel constitutes the drive wheel driven by the 10 

* electric driving unit. 

1 3. Electric vehicle according to at least one of the pre- 
ceding claims 8 to 12, characterized by a swing 
arm (12) for supporting the rear wheel being adapt- '5 
ed to carry the electric driving unit and being pivot- 
ally mounted to a vehicle body frame. 

1 4. Electric vehicle according to at least one of the pre- 
ceding claims 8 to 13, characterized in that the 20 
controlling means (33) for the electric driving unit is 
disposed at a front end of the motor mounting sec- 
tion in a longitudinal direction of the vehicle body, 
along an arm section of the swing arm (12). 
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